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Profens, or 2-arylpropionic acids, are an important sub-class of the frequently prescribed
non-steroidat anti-inflammatory drugs (NSAIDs). Some of the main primary indications for NSAIDs
therapy include rheumatoid arthritis, osteoarthritis, acute gouty arthritis, dysmenorrhea and acute
pain. Ketoprofen (R,S)-2-(3-benzoylphenylpropionic acid) and Flurbiprofen (R,S)-2-(2-fluoro-4-
-biphenylpropionic acid) are examples of NSAIDs, both marketed as racemic mixtures.

It was previously belisved that the anti-inflammatory properties of profens reside exclusively in
its S-enantiomer, while the R-enantiomer was responsibly for the undesired toxic side effects
of these drugs. However, research showed that the R-enantiomers of profens have also a
therapeutic action. The R-enantiomer of ketoprofen is now known to have an analgesic and
antipyretic action, while the R-enantiomer of flurbiprofen Is referred to promoie active inhibition
on the growth of a variety of human cancer and to slow the progression and paithogenesis of
Alzheimer's disease.

In this scenario, the need for the separation of racemic drugs and the consequent use of pure
enantiomers has increased and preparative chiral liquid chromatography has become animpartant
separation process for the purification of pharmaceuticals and other added-value products.

The main goals of a chromatographic separation change when moving from an analytical to a
preparative scale. Enantioseleciivity is commonly the target parameter to be optimized at an
analytical scale. However, apari from selectivity, a high loading capacily is an important requisite
in preparalive separations since this will affect productivity. Additionally, high throughputs in
continuous separation processes, such as Simulated Moving Bed (SMB) technology, can be
achieved only when high feed concentrations and shart cycle times are applied. Thus, it is also
necessary a correct selection of the mobile phase composition since it will afiect racemate
solubility, selactivity and retention times.




Braganga
Polytechnic
Institute

1.
School of
Technology
and Management

PROFENS AND APPLICATIONS:

: PREPARATIVE SEPARATION OF PROFEN ENANTIOMERS .

BY LIQUID CHROMATOGRAPHY

AnténioE. Ribeiro *, Nuno 5. Graga®

*, Luis 5. Pais ** & Alirio E. Rodrigues®

School of
Engineering
University of Porto

2.
Laborat f £
wveoro € | SRE

Reaction Engineering

Keloprofen  (R,S)-2-{(3-benzoylphenyipropionic) acid and
Flurbiprofen (R, S)-2+{2-fluoro-4-biphenylpropionic)  acid,
belongs to a famiy of chemicals named 2-arylpropionic
acids, or profens, an imporiant sub-class of the frequently
pscribed and used dugs called Non-Steroidal Anl-
Inflammatory drugs {NSAIDs). Nowadays, preparative chiral
chromalography is becoming a more and more important
separation process for the purificalion of pharmaceulicals
and ofher addad-value products. Optimization of chiral liquid
saparations is frequantly a complax task that requires, at a
preparafive scals, a careful seleclion of ils operating
conditions. In tha case of binary or multicompanan! mixiures,
an additional complaxity results from the competition

between (he dferent components for Ihe interaction with tha
activa sitas of the siationary phase. Tha alm of Lhis work is
the measurement of adscmlion equiibium data of
ketoprofen and  Rurbiprofen  enantiomers, using tha
zdsomplion-desorption malhod, under different mobila phase
compositions, Addtionally, soclubilty measurements, pulse
and breakthrough experiments of both profens enantiomers
on the different mobile phases were performed in onder ta
oblgin  belter understanding of adsomplion equilibrium
behaviour. Modelling of adsorption dala, simufation of fixed-
bed and SMB operalion were caried oul o juslify the choice
of the mobile phase composition for the preparative
separation of ketoprofen and flurbiprofen enanliomers.
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CHIRALILIGWID CHROMATOERARHY. @ Jasco HPLC system UV-1575 delector with a preparalive
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Ketoprofen enantiomers hava increasing solubiities for 20%ethanol, pure ethanol and pure between modsls and experimental, For the 20%ethanclB0%n-hexane and 100%ethancl
methanal. Ketoprofen is insoluble in pure n-hexane and presenl increasing solubiifies with the  mobile phases, a biLangmuir isotherm better simulate the experimental data obtained.
increase of the ethano! content. The incraase of the amount Injected laads Io a decrease inthe  Adsorplion behaviour with 100%melhanol mobde phase is well described by the Langmuir
relention tme of both enanliomers. The hydrocarbon mobila phase: 20%elhanol/B0%n-haxane  model. For 100%mathanol, selectivilty is low and conslanl. For 20%ethanol/60%n-hexana
presents considerable higher relention times than the pure mobile phases {ethano! and mobile phasa, despils its high selectivity for low concentrations, presents a sirong decreasa
methanol). Despile higher keloprofen solubility, pure methanol does not allow acceplable In selectivily wilth Iha increase of concentrations. The betler situation is oblained for
selectivity values and, consequently, keloprofen enantioseparation. Using a Levenberg- 100%ethanol, where selectivity maintains high valuies even for high enanliomer
Marquard! algorithm for the adsomtion isotharms modelling, #'s oblained a good agreemant o i
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ion curves wera carried out for pure elhanol

and reg

1 mobila phasa and for the whola range of feed concentralions

(racemic mixtures of 10, 20, 30, and 40 g/L). Obtained resulls
(by recovering and analyzing samples at different times) and
predicted results by he linsar driving force model show a very
reasonable agreement between experimental and simulation
results in the whole concanlration ranga. SMB simulation
results show Lhat pure ethanol presenls considerable better
parformances (bigger separation regions). Al high fesd
cancenlrations (for axampla, 40 g/l of racemic midurs) the
productivity using pure ethancl is 3 times tha oblained with tha
other two solvents; the comespondant solvent consumplion is
only 75% and 25% of the one needed with pure mathanol and
20%ethanol/B0%n-hexana, respeclively.
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Solubility results obialned for furbiprofen were similar of (he ones obtained for keloprofen.
Flurbiprofen sclubility values increase for 1003tn-hexane, 1003%ethanol and 100%methanal. A
significant higher solubility value is oblained using a mobile phase based on high polar conlent
and relenlion times dacrease with the increasing of alcoholic contenl. However, betler
selectivities are obtained for low alcoholic conlenl. The hydrocarbon/methanck-based solvent
was nol used dua to its immisciblity above 10%melhanol In n-hexane. A 10%elhancl/B0%n-
hexane composilion represents a reasonable compromise between seleclivily, relention Lime
and solubility. A good agreamant was ablained batween experimental data and proposed

o
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adsorplion isotharms models. Although Langmuir and linsar+Langmuir models describe
reasonably adsorption behaviour on tha ethanolin-hexane mobile phase composilion, a mote
complax model, such as the modified linear+Langmuir isotherm (different m valuas),
simulates better Ihe exparimentzl data oblained. For tha 100%methanol mebie phase,
adsorplion behaviour is also baltar described by tha moddied linear+Langmuir model. Results
show a decreasa In selectivity with Lha increase of alcoholic conlanl. The bast situation is
obtained for a 10%elhancl/80%n-hexane solvenl composition. Several eithanoln-hexane-
based mobila phase composilions wera testad in breakthrough experiments (only 10/90

s

o

EE
= (i}

T
1

composition is shown) for a feed solution concentration of
40g/L. Experimental data and predicled values by the linaar
driving force model and using the LLGS equation show a very
good agreement in tha whola concentration range. SMB
simulation resulls show that 10%ethanol/80%n-hexane mobile
phase composilion presents considarable better performances
{bigger separation regions). Under preparalive condilions,
maximum productivity is oblained wilh 10%elhanolf80%n-
hexana due to higher selectivity. Solvent consumption is not
significantly different between the four moble phase
composilions,
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For the flurbiprofen enantioseparalion, a 10ftelhancl/30%n-hexane moble phase composilion is proposed. In spile of lower solubity (when compared with a higher polar conlznt mobila
phase), high selactivity vatues are obtained under preparative conditions and within an acceplabla retention tima,
These results become evident thal individug! studies must be carried out for each enantioseparation system, since different profen drugs may have different behaviours.






